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ABSTRACT 
 
 
 
 
Many embankments constructed on soft ground are susceptible to failure and 
large settlements due to its low strength soil condition. Geosynthetics are used 
effectively as a reinforced material to increase the shear strength, and stiffness of the 
reinforced embankment and consequently, to reduce the total and differential 
settlements. In the first part of the study, four different cases of embankments with 
and without reinforcement, constructed on soft and stiff grounds were studied 
through small-scale physical modeling using centrifuge test and numerical modeling 
using finite element simulation. Comparison between the results using both finite 
element models and centrifuge tests was carried out to validate and identifies the 
reliability of the finite element method. In centrifuge test, a model scale with various 
sizes was simulated to a constant full-scale dimension using different acceleration 
fields. The results show the different deformation behavior for these different 
embankment cases and indicate the significant effect of the geosynthetics 
reinforcement on increasing the stability of embankment. The comparison analysis 
presents a good agreement between results of these two methods. It validated the 
finite element technique in analysis of different embankment cases. The second part 
of the study focus on the geometrical effects on the behavior and failure mechanism 
of embankments. Two full-scale case history embankments in Malaysia and Canada, 
the Muar trial embankment and Vernon highway embankment were verified. Three 
dimensional effects on Muar trial embankment were evaluated by comparing the 
results of two and three-dimensional analysis, in terms of predicted displacements, 
lateral movements, excess pore pressure, factor of safety, and failure height of the 
embankment fill. Moreover, this study attempt to evaluate the boundary limits for the 
applicability of two and three-dimensional analyses by determining the suitable 
geometry configuration of embankment in utilizing the geotechnical analysis. The 
ratio of the calculated failure height of three to two dimensional Finite Element 
analyses (Hf,3D/Hf,2D) has been determine for embankment cases with different base 
aspect ratio of the length to width (L/B). Two shape-factor equations related to the 
bearing capacity of spread footings and safety factor of embankments also utilized to 
account for the geometrical behavior of the embankment regards to its geometrical 
configuration. Results of three-dimensional analyses have better agreement with the 
actual field measurements. It is concluded that neglecting the three dimensional 
effects could mislead the design of the embankment in some condition. In 
conclusion, it is recommended that for “long embankment” with the length to width 
ratio more than two (L/B > 2), it may appropriate to use two-dimensional analysis as 
the three-dimensional safety factor converges to two dimensional safety factor. For 
“short embankment” with the length to width ratio less than two (L/B < 2), three 
dimensional effects on the embankment behavior becomes considerably great and 
should be considered as important factor in design and analysis of embankments. 
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ABSTRAK 
 
 
 
 
Kebanyakan tambakan yang di bina di atas tanah liat lembut terdedah kepada 
Kebanyakan benteng yang dibina di atas tanah lembut terdedah kepada kegagalan dan 
enapan besar disebabkan keadaan tanah mempunyai nilai kekuatan yang  rendah. 
Geosintetik digunakan dengan berkesan sebagai bahan pemgukuh untuk meningkatkan 
kekuatan ricih, dan kekukuhan benteng bertetulang dan seterusnya, untuk mengurangkan 
enapan jumlah dan perbezaan. Dalam bahagian pertama kajian ini, empat kes benteng 
yang berbeza iaitu dengan dan tanpa menggunakan tetulang,yang dibina atas tanah dasar 
lembut dan tegar telah dikaji menggunakan model fizikal berskala kecil melalui ujian 
centrifuge dan model berangka menggunakan simulasi unsur terhingga. Perbandingan 
diantara keputusan menggunakan kedua-dua model unsur terhingga dan ujian centrifuge 
telah dijalankan untuk mengesahkan dan mengenal pasti kebolehpercayaan kaedah unsur 
terhingga. Dalam ujian centrifuge, skala model dengan pelbagai saiz telah disimulasikan 
kepada dimensi sebenar yang tetap menggunakan medan pecutan yang berbeza. 
Keputusan menunjukkan berlaku kelakuan ubah bentuk yang berlainan bagi kes-kes 
tambak yang berbeza dan menunjukkan kesan yang ketara terhadap tetulang geosyntheic 
di dalam peningkatan kestabilan benteng. Analisis perbandingan menunjukkan hubungan 
yang baik di antara keputusan kedua-dua kaedah. Ini mengesahkan penggunaan teknik 
unsur terhingga dalam analisis untuk kes benteng yang berbeza. Bahagian kedua kajian 
ini memberi tumpuan kepada kesan geometri terhadap tingkah laku dan kegagalan 
mekanisme benteng. Dua kes benteng berskala penuh di Malaysia dan Kanada, Benteng 
Percubaan Muar dan Benteng Lebuh Raya Vernon telah disahkan. Kesan tiga dimensi di 
Benteng Percubaan Muar dinilai dengan membandingkan hasil analisis dua dan tiga 
dimensi, dari segi anjakan, ramalan pergerakan sisi, tekanan liang berlebihan, faktor 
keselamatan, dan ketinggian kegagalan benteng. Selain itu, kajian ini telah menilai had 
sempadan yang sesuai untuk analisis dua dan tiga dimensi dengan menentukan 
konfigurasi geometri benteng yang sesuai dalam menggunakan analisis geoteknikal. 
Nisbah ketinggian kegagalan yang dikira menggunakan dua dan tiga dimensi  analisis 
Unsur Terhingga (Hf,3D / Hf, 2D) telah ditentukan melalui kes-kes banteng yang 
mempunyai nisbah yang berbeza untuk aspek asas panjang dan lebar (L / B). Dua 
persamaan faktor bentuk yang berkaitan dengan keupayaan galas asas dan faktor 
keselamatan benteng digunakan untuk mengambil kira kelakuan geometri benteng 
terhadap konfigurasi geometri itu. Keputusan analisis tiga dimensi mempunyai kesamaan 
yang lebih baik dengan ukuran sebenar di tapak. Ia menyimpulkan bahawa dengan 
mengabaikan kesan tiga dimensi, boleh mengelirukan reka bentuk benteng dalam 
beberapa keadaan. Kesimpulannya, adalah disyorkan bahawa untuk "benteng panjang" 
dengan nisbah panjang ke lebar lebih daripada dua (L / B> 2), ia boleh memperuntukkan 
untuk menggunakan dua analisis dimensi kerana faktor keselamatan tiga dimensi 
menumpu kepada faktor keselamatan dua dimensi. Untuk "benteng pendek" dengan 
panjang ke lebar nisbah kurang daripada dua (L / B <2), kesan tiga dimensi ke atas 
tingkah laku benteng menjadi agak besar dan boleh dianggap sebagai faktor penting 
dalam reka bentuk dan analisis benteng. 
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CHAPTER 1 
INTRODUCTION 
 Background of Study 
Embankments are needed in construction of many industrial structures. 
Today, a large number of industrial structures and embankments are constructed in 
areas with low strength grounds such as harbor and river inlets zones. Many 
embankments constructed on such soft grounds are susceptible to failure and large 
settlements due to the incompatible weak condition of the ground soil.  
Many conventional methods and ground improvement techniques have been 
used in the past to increase the shear strength of the soft soils. In the conventional 
method of construction, the soft soil is replaced by a suitable soil or it is improved by 
preloading, dynamic consolidation, injected additives, lime/cement mixing or 
grouting prior to the placement of the embankment. Other options such as staged 
construction with sand drains, the use of stabilizing berms and piled foundations are 
also available for application. All of these methods have a degree of applicability, 
but it is clear all suffer from being either expensive, time-consuming, or both. Hence 
an alternative method such as soil reinforcing by geosynthetics materials, which is a 
fast and economical technique, could cope with this problem to some extent. 
The utilizing of geosynthetics as ground reinforcement has enhanced the 
concept of ground improvement and being used for a wide range of applications e.g. 
slope stabilization, construction of retaining structures, bridge abutment walls and 
embankments. As a deformable material, geosynthetics have the effect of not only 
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increasing the strength and ductility of soil, but also creating a more flexible 
structure. In the construction of geosynthetic reinforced soil structures, successive 
layers of free draining soil are compacted between sheets of reinforcement. This 
procedure results in a stable composite structure that can extend to significant height. 
Such structures can undergo fairly large deformation without catastrophic collapse 
and often without their serviceability be affected. From a mechanical standpoint, 
reinforcing soil provide the benefit of stiffening earthwork structures without 
increasing their mass.  
The other important issue in designing and analyzing of the embankment 
construction on soft ground is to consider the correct behavior of embankment and 
define all possible failure mechanisms. The behavior of embankments is originally 
three-dimensional (3-D) but in many cases two-dimensional (2-D) analysis can give 
an acceptable and reasonable results. In general, two-dimensional (2-D) analysis can 
be categorized into two types: (1) 2-D plane stress which is usually applied for stress 
analysis of thin plate structure by assuming the stress in the direction perpendicular 
to the plate is equal to zero and (2) 2-D plane strain which is defined as the strain 
state in the direction perpendicular to the plane is equal to zero. Most researches 
assumed plane strain condition for numerical simulations of reinforced earth 
structures. 
 Statement of Problem 1.2
There are many problems and issues concerning the modeling and analyzing 
of reinforced embankment on soft ground as described in following: 
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 Problems related to reinforcement mechanism 1.2.1
 There are many factors that affect the mechanism and behavior of 
geosynthetic reinforced soil / embankment, but the most important ones are: 
 Characteristics of soil  
 Characteristics of geosynthetic reinforcement  
 Interaction between soil and reinforcement  
In construction of embankments, the characteristics of soil are very important 
and have a significant influence on stability and failure height of embankment. If the 
soil has weak geotechnical characteristics (soft soil), it causes many limitations and 
problems, i.e. the weak shear strength of soil considerably reduces and limits the 
height of embankment fill and the deformability, compressibility and low 
permeability of soil induce excessive settlements because of developing of excess 
pore water pressure due to construction of embankment on such a compressible soils. 
The characteristics of geosynthetics also have a great influence on behavior of the 
model. With regards to the characteristics of geosynthetic reinforcements, different 
reinforcement mechanisms e.g. membrane type, shear type, and anchorage (pull-out) 
type should be considered. Moreover, soil–geosynthetics interface plays an important 
role in the reinforced structures.  
Aforementioned factors have been studied by many researchers but despite 
the large number of experiences related with using geosynthetics to enhance the 
stability of embankments and other geotechnical projects, the reinforcement 
mechanisms and its interaction with the adjacent soil are not completely well-
defined. Analytical analyses based on failure modes are simplified and do not 
provide an integrated picture of stress-strain and deformation behavior of the 
complete system. The mechanism of load transferring among different elements, 
includes embankment fill, foundation soil, reinforcement and soil-reinforcement 
interaction is complex and is influenced by the properties of the individual elements 
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as well as the relative magnitudes of the properties with respect to each other 
(Varadarajan, 1999).  
 Problems concerning the modeling of embankment 1.2.2
As mentioned before, analytical methods cannot furnish a comprehensive 
mechanism of reinforced embankment system on soft ground. Therefore other 
methods of modeling such as physical modeling by means of full-scale or small-scale 
(centrifuge test) modeling and numerical modeling by means of finite element (FE) 
or finite difference simulations are needed to give a deeper insight of the behavior of 
these structures. Due to economical and time concerns, centrifuge test is considered 
as a preferable technique in physical modeling but there are many factors that affect 
the behavior of embankment in a centrifuge test, which makes some errors and 
differences compare to the results of the prototype. These factors are: 
 Radial gravity of centrifuge tests 
 Different geometry of embankment in each stage of construction due to the 
different gravitational acceleration field 
 Interaction between the side wall of the model box and the model 
 Limitation payload capacity of centrifuge apparatus 
In numerical simulation of centrifuge test, most of researchers have 
considered FE simulations based on prototype full-scale dimensions without 
considering the above factors. Therefore, numerical simulations utilizing small-scale 
dimensions of centrifugal models with considering the above factors are essential for 
a realistic comparison between the numerical results and centrifugal measurements 
and to minimize the differences between these two modeling methods. 
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 Problems concerning the geometrical behavior of embankment 1.2.3
The other issue that should be considered as the most important factor that 
affects the analysis of embankments is geometrical effects (2-D and 3-D behavior) of 
embankment. Generally, as a simple and quick approach, most researchers have 
assumed two-dimensional (2-D) plane strain condition, while there can be a 
difference between the assumption shape of the failure surface in 2-D and 3-D 
analysis. As shown in Figure 1.1, for 2-D analysis an infinite cylindrical surface is 
considered while for 3-D analysis a finite curved surface is assumed which is closer 
to the actual failure surface in many cases. Consequently, direction of maximum 
stress and sliding of soil can not be recognized by 2-D analysis in some cases, which 
leads to inaccurate design of embankments on soft grounds. 
Usually in the factor of safety approach, with a few exceptions, two-
dimensional analysis yields conservative results compared to three-dimensional 
analysis (FS2D < FS3D), while with increasing width of the failing soil wedge 
assumed in a 3-D analysis, FS3D converges to FS2D. 
 
Figure ‎1.1 Assumption shape of the failure surface in 2-D and 3-D analysis 
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Based on above explanations, it can be conclude that, 2-D analysis can 
give proper results in linear fill cases (long embankments) in which the length of the 
fill is much larger than the width such as roadway embankments, while gives a 
conservative and less accurate results compare to 3-D analysis in a area fill (short 
embankment) in which the length and width of the site are approximately equal. 
Therefore, define a proper behavior of embankment based on its geometrical aspects 
is very important in analysis of such structures. Moreover, 3-D analysis has been 
rarely considered in previous works and researches and the field is still open for 
further studies of 3-D behavior and geometrical effects on behavior of embankments 
on soft ground.  
 Objectives of Study 1.3
The major aim of this thesis is evaluation of geometrical effects on the 
behavior and failure mechanism of embankment and to define that under what 
geometry configuration, the failure mechanism is three-dimensional.  
 In order to attain aims of this thesis, following objectives had been fulfilled: 
1. To determine the influence of important parameters on the deformation 
behavior and failure mechanism of embankment. 
2. To evaluate the geometrical (3-D) effects on deformation behavior and failure 
mechanism of embankment on soft ground.  
3. To define the suitable geometry configuration of embankment, for utilizing in 
geotechnical analysis (2-D or 3-D analysis). 
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4. To perform numerical modeling, utilizing small-scale centrifugal model 
dimensions and considering important factors of centrifuge test in FE 
simulation. 
 Scopes of Study 1.4
This thesis is divided in two parts: The first part deals with the evaluation of 
important factors on the behavior of reinforced embankments by physical (small-
scale centrifuge tests) and numerical modeling (finite element simulation) of 
assumed cases. The second part describes the geometrical behavior and 3-D effects 
on behavior of embankments by FE simulation of case-history embankments. The 
scope of this research comprised of different types of geotechnical modeling and 
analysis with considering different materials in order to achieve the objectives of this 
study. Following scopes and limitations had been covered: 
1. Hypothetical analysis of initial embankment model on soft ground was 
performed based on limit equilibrium analysis of different failure elements 
(e.g., bearing capacity analysis, global stability analysis, elastic deformation 
analysis, pull-out or anchorage analysis, lateral spreading analysis). 
2. Four cases of embankment models based on different type of foundation soil 
and reinforcement condition were considered in centrifuge test and finite 
element analysis. Moreover, two case-history embankments namely ‘Muar trial 
embankment and Vernon highway embankment’ were considered in 
parametric and geometric analyses. 
3. In modeling of four embankment cases, Kaolinite and compacted sand were 
used as soft and stiff foundations respectively. Clayey-sand was utilize as 
embankment fill material and a proper textile was considered as a 
reinforcement material. These materials were considered based on the available 
compatible materials regards to the models of this study. 
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4. Geotechnical laboratory tests were performed to define the properties of 
materials of the study. These tests include direct shear test, compaction 
(proctor) test, mini-vane shear test and tensile strength test. The characteristics 
and properties of case-history embankments considered based on the previous 
works of other researchers on these embankments. 
5. Small-scale physical modeling by means of centrifuge test was performed in a 
mini-centrifuge apparatus of Universiti Kebangsaan Malaysia (UKM). This 
apparatus did not enable a comprehensive quantitative study of the models due 
to its small capacity and payload limitation, which affected the results of this 
study. The small size of the strongbox makes it possible to study a small 
embankment model with a fill slope of 1:1 only and limited boundary 
conditions. Furthermore, It did not equipped with necessary measurement 
sensors, transducers, cells and gauges. Finally, the effect of step loading cannot 
be studied completely, because in-fight loading was not possible with this 
apparatus.  
6. Numerical modeling by means of two-dimensional (2-D) and three-
dimensional (3-D) finite element simulation were carried out. “PLAXIS 2-D” 
and “PLAXIS 3-D FOUNDATION” programs were used for finite element 
simulation and analysis.  
7. 2-D and 3-D parametric and geometric analyses were performed on considered 
cases and two full-scale case-history embankments. 
 Research Significances 1.5
The weak and compressible condition of soft ground leads to embankment 
failure and collapse, which cause wasting of budget, time and consequences in 
stopping or postponing the project. Therefore, the study of the construction of 
embankments on compressible soft soils has been a frequent task for geotechnical 
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engineers all over the world and considering a proper and developed method of 
designing and analyzing of embankments on soft ground is very important and 
necessary.  
Totally, utilizing the 2-D plane strain analysis seems to be conservative in 
some cases, which result in inaccurate strength of subsoil foundations. This can lead 
to an inappropriate designs of embankment over soft ground and cause catastrophic 
failure and collapse. To deal with this issue, three-dimensional analysis is essential 
and significant to evaluate the influence of geometric conditions and investigate the 
3-D effect on deformation behavior and failure mechanism of embankments on soft 
grounds. Considering 3-D effect especially in analyzing the short embankments can 
contribute in increasing the stability of work by giving more accurate and realistic 
results. 
Moreover, the parametric study of this research can give a better insight to 
the researchers and engineers about the influence of important variables on the 
deformations and displacements of embankment in two and three-dimensional (2-D 
and 3-D) analyses. 
Finally, The results of this research study can be a useful guidance for 
engineers in actual and industrial field of embankment construction. It shows the 
proper method of deign and analysis (2-D or 3-D analysis) based on the basal aspect 
ratio of length to width (L/B) of embankment.  
 Thesis Organization 1.6
Chapter 1 presents an introduction of thesis research about construction of 
embankments on soft grounds, including background of the research, statement of 
problems, aim and objectives of study, scopes of study and significance of this 
research. 
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Chapter 2 gives a review of construction of embankment on soft ground, 
reinforcing the embankments by geosynthetics, 2-D and 3-D failure mechanism, 
geotechnical modeling and their application in analyzing the embankments e.g 
analytical, physical and numerical modeling and finally an overview of some case-
history embankments built to failure in Malaysia and Canada. 
Chapter 3 explains the methods and technics that used in this research to 
fulfill the objectives of study include geotechnical laboratory test methods, small-
scale physical centrifuge test and numerical finite element simulation and analyses 
for different embankment case models. 
Chapter 4 present and discuses the results obtained from physical and 
numerical modeling and analysis for various case embankments with different shear 
strength of foundation and reinforcement condition and to compare these results to 
validate the finite element analysis. 
Chapter 5 describes the results obtained from 2-D and 3-D geometric and 
parametric analyses of two full-scale case-study embankments to investigate the 3-D 
effect and compare the 2-D and 3-D results. 
Chapter 6 depicts useful conclusions based on results of this research study 
especially on utilizing the three-dimensional analysis in construction of 
embankments on soft grounds. Moreover, this chapter provides recommendations for 
further research works. 
  
  
217 
 
REFERENCES 
Abusharar, S. W. and Han, J. (2011). Two-dimensional deep-seated slope stability 
analysis of embankments over stone column-improved soft clay. Engineering 
Geology, 120 (1-4), Elsevier B.V., 103–110. 
Alfaro, M. C., Hayashi, S., Miura, N. and Bergado, D. T. (1997). Deformation of 
reinforced soil wall-embankment system on soft clay foundation. Soils and 
foundations, 37 (4), Japanese Geotechnical Society, 33–46.  
Alhattamleh, O. and Muhunthan, B. (2006). Numerical procedures for deformation 
calculations in the reinforced soil walls. Geotextiles and Geomembranes, 24 
(1), 52–57. 
Auvinet, G. and González, J. . (2000). Three-dimensional reliability analysis of earth 
slopes. Computers and Geotechnics, 26 (3-4), 247–261. 
Avgherinos, P. J. and Schofield, A. N. (1969). Drawdown failures of centrifuged 
models. In: 7th Conf. Soil Mech, 1969, Mexico. 
Azzouz, A. S., Baligh, M. M. and Ladd, C. C. (1983). Corrected Field Vane Strength 
for Embankment Design. Journal of Geotechnical Engineering, 109 (5), 
American Society of Civil Engineers, 730–734. 
Balasubramaniam, A. S., Phien-WEJ, N., Indraratna, B. and Bergado, D, T. (1989). 
Predicted behavior of a test embankment on a Malaysian marine clay. In: 
International symposium on trial embankments on Malaysian marin clays., 
1989, Kuala lumpur: The Malaysian highway authority, 1–8. 
Basudhar, P. K., Dixit, P. M., Gharpure, A. and Deb, K. (2008). Finite element 
analysis of geotextile-reinforced sand-bed subjected to strip loading. 
Geotextiles and Geomembranes, 26 (1), 91–99. 
Bathurst, R., Allen, T. and Walters, D. (2005). Reinforcement loads in geosynthetic 
walls and the case for a new working stress design method. Geotextiles and 
Geomembranes, 23 (4), 287–322. 
  
218 
Belczyk, E. B. and Smith, C, C. (2012). Geosynthetic landfill cap stability: 
Comparison of limit equilibrium, computational limit analysis and finite 
element analysis. Geosynthetics International, 39 (19), 133–146. 
Bergado, D. ., Youwai, S., Teerawattanasuk, C. and Visudmedanukul, P. (2003). The 
interaction mechanism and behavior of hexagonal wire mesh reinforced 
embankment with silty sand backfill on soft clay. Computers and Geotechnics, 
30 (6), 517–534. 
Bergado, D. T., Chai, J. C., Abiera, H. O., Alfaro, M. C. and Balasubramaniam, A. S. 
(1993). Interaction between cohesive-frictional soil and various grid 
reinforcements. Geotextiles and Geomembranes, 12 (4), 327–349. 
Bergado, D. T. and Teerawattanasuk, C. (2008). 2D and 3D numerical simulations of 
reinforced embankments on soft ground. Geotextiles and Geomembranes, 26 
(1), 39–55. 
Bhasi, A. and Rajagopal, K. (2014). Geosynthetic-Reinforced Piled Embankments: 
Comparison of Numerical and Analytical Methods. International Journal of 
Geomechanics, 1–12. 
Borges, J. L., Domingues, T. S. and Cardoso, A. S. (2009). Embankments on Soft 
Soil Reinforced with Stone Columns: Numerical Analysis and Proposal of a 
New Design Method. Geotechnical and Geological Engineering, 27 (6), 667–
679. 
Brand, E. W. and Premchitt, J. (1989). Moderator’s report for the predicted 
performance of the Muar  test embankment . In: International symposium on 
trial embankments on Malaysian marine clays. , 1989, Kuala lumpur: The 
Malaysian highway authority. . 
Briaud, J.-L. and Lim, Y. (1999). Tieback Walls in Sand: Numerical Simulation and 
Design Implications. Journal of Geotechnical and Geoenvironmental 
Engineering, 125 (2), American Society of Civil Engineers, 101–110. 
Brinkgreve, R. B. J. (2010). PLAXIS 2D Reference Manual. The Netherlands: Delf 
University of Technology & Plaxis B. V. 
Chai, J.-C., Shrestha, S., Hino, T., Ding, W.-Q., Kamo, Y. and Carter, J. (2015). 2D 
and 3D analyses of an embankment on clay improved by soil–cement 
columns. Computers and Geotechnics, 68, Elsevier Ltd, 28–37. 
  
219 
Chaiyaput, S., Bergado, D. T. and Artidteang, S. (2014). Measured and simulated 
results of a Kenaf Limited Life Geosynthetics (LLGs) reinforced test 
embankment on soft clay. Geotextiles and Geomembranes, 42 (1), Elsevier 
Ltd, 39–47. 
Chen, J.-F., Li, L.-Y., Xue, J.-F. and Feng, S.-Z. (2015). Failure mechanism of 
geosynthetic-encased stone columns in soft soils under embankment. 
Geotextiles and Geomembranes, Elsevier Ltd, 4–11. 
Chen, J.-F. and Yu, S.-B. (2011). Centrifugal and Numerical Modeling of a 
Reinforced Lime-Stabilized Soil Embankment on Soft Clay with Wick Drains. 
International Journal of Geomechanics, 11 (3), American Society of Civil 
Engineers, 167–173. 
Chen, R. H. and Chiu, Y. M. (2008). Model tests of geocell retaining structures. 
Geotextiles and Geomembranes, 26 (1), 56–70. 
Crawford, C. B., Fannin, R. J. and Kern, C. B. (1995). Embankment failures at 
Vernon, British Columbia. Canadian Geotechnical Journal, 32 (2), NRC 
Research Press Ottawa, Canada. 
Desai, C. S. and Abel, J. F. (1972). Introduction to the finite element method  : a 
numerical method for engineering analysis | Clc. Van Nostrand Reinhold . 
Ding, J. H. and Bao, C. G. (1999). Centrifugal model test and finite element analysis 
of geosynthetic-reinforced embankments on soft ground and dredger fill. 
China Civil Eng Journal. 
Gurung, S., Kusakabe, O. and Kano, S. (1998). Behaviour of reconstituted and 
natural soil models under pullout force. In: Proceeding of international 
conference of Centrifuge., 1998, Tokyo: AA Balkema, Rotterdam. 
Habibnezhad, Z. (2014). Stability Analysis of Embankments Founded on Clay (a 
comparison between LEM & 2D/3D FEM). Royal Institute of Technology. 
Hatami, K. and Bathurst, R. J. (2006). Numerical Model for Reinforced Soil 
Segmental Walls under Surcharge Loading. American Society of Civil 
Engineers. 
Helwany, S. (2007). Applied Soil Mechanics with ABAQUS Applications. New 
Jersey: John Wiley & Sons, Ltd. 
  
220 
Hicks, M. A. and Spencer, W. A. . (2010). Influence of heterogeneity on the 
reliability and failure of a long 3D slope. Computers and Geotechnics, 37 (1), 
948–955. 
Hinchberger, S. (2003). Geosynthetic reinforced embankments on soft clay 
foundations: predicting reinforcement strains at failure. Geotextiles and 
Geomembranes, 21 (3), 151–175. 
Hird, C. C. and Kwok, C. M. (1989). Finite element studies of interface behaviour in 
reinforced embankments of soft ground. Computers and Geotechnics, 8 (2), 
111–131. 
Hu, Y., Zhang, G., Zhang, J.-M. and Lee, C. F. (2010). Centrifuge modeling of 
geotextile-reinforced cohesive slopes. Geotextiles and Geomembranes, 28 (1), 
12–22.  
Hufenus, R., Rueegger, R., Banjac, R., Mayor, P., Springman, S. and Bronnimann, 
R. (2006). Full-scale field tests on geosynthetic reinforced unpaved roads on 
soft subgrade. Geotextiles and Geomembranes, 24 (1), 21–37. 
Indraratna, B., Balasubramaniam, A. S. and Balachandran, S. (1992). Performance of 
Test Embankment Constructed to Failure on Soft Marine Clay. Journal of 
Geotechnical Engineering, 118 (1), American Society of Civil Engineers,   
12–1. 
Jamsawang, P., Voottipruex, P., Boathong, P., Mairaing, W. and Horpibulsuk, S. 
(2015). Three-dimensional numerical investigation on lateral movement and 
factor of safety of slopes stabilized with deep cement mixing column rows. 
Engineering Geology, 188, Elsevier B.V., 159–167. 
Jardine, R. J., Potts, D. M., Hinggins, K. G. and Sainak, A. N. (2004). Application of 
three-dimensional finite element method in parametric and geometric studies 
of slope stability analysis. In: Advance in Geotechnical engineering - The 
Skempton Conference. A three day conference on advances in engineering, 
organized by the Royal institution of civil engineeres, 39, 2004, London: 
Thomas Telford Limited. 
Kazimierowiczfrankowska, K. (2005). A case study of a geosynthetic reinforced wall 
with wrap-around facing. Geotextiles and Geomembranes, 23 (1), 107–115. 
  
221 
Koch, E. (2011). 3-D analysis of stone columns to support a roadway 
embankment on soft soil. In: 15th European conference on soil mechanics 
and Geotechnical engineering, 2011, Athens, Greece, 989–994. 
Koerner, R. M., Hwu, B.-L. and Wayne, M. H. (1987). Soft soil stabilization designs 
using geosynthetics. Geotextiles and Geomembranes, 6 (1-3), 33–51. 
Koerner, R. M. and Welsh, J. P. (1980). Construction and geotechnical engineering 
using synthetic fabrics. 
Ling, H. I. and Leshchinsky, D. (2003). Finite element parametric study of the 
behavior of segmental block reinforced-soil retaining walls. Geosynthetics 
International, 10 (3), Thomas Telford, 77–94. 
Lo, K. Y. and Hinchberger, S. D. (2006). Stability analysis accounting for 
macroscopic and microscopic structures in clays. In: In Proceedings of the 
4th International Conference on Soft Soil Engineering, 2006, Vancouver, 
B.C.: Taylor and Francis, London, 3–34. 
Mandal, J. (1996). Design of geosynthetic reinforced embankments on soft soil. 
Geotextiles and Geomembranes, 14 (2), 137–145. 
Mandal, J. N. and Joshi, a. a. (1996). Design of geosynthetic reinforced embankments 
on soft soil. Geotextiles and Geomembranes, 14 (2), 137–145. 
MHA. (1989). The embankment built to failure. In: Hudson, R. R., Toh, C. T. and 
Chan, S. F. (eds.), The International Symposium on Trial Embankments on 
Malaysian Marine Clay, 1989, Kuala Lumpur: Malaysian Highway 
Authority. 
Muhardi. (2011). Pulverised Fuel Ash As Structural Fill for Embankment 
Construction. Universiti Teknologi Malaysia (UTM). 
Müller, R., Larsson, S. and Westerberg, B. (2013). Stability for a high embankment 
founded on sulfide clay. In: Proceedings of the ICE - Geotechnical 
Engineering, 166 (1), February 2013, Thomas Telford, 31–48. 
Nakase, A. and Takemura, J. (1989). Prediction of behavior or trial embankment 
built to failure. In: International symposium on trial embankments on 
Malaysian marine clays. , 1989, Kuala lumpur: The Malaysian highway 
authority. . 
Nazir, R. Bin. (1994). The Moment Carrying Capacity of Short Piles in Sand. 
University of Liverpool. 
  
222 
Nian, T.-K., Huang, R.-Q., Wan, S.-S. and Chen, G.-Q. (2012). Three-
dimensional strength-reduction finite element analysis of slopes: geometric 
effects. Canadian Geotechnical Journal, 49 (5), NRC Research Press, 574–
588. 
Nicolas-Font, J. (1988). Design of geotechnical centrifuges . In: Conf, on 
Geotechnical centrifuge modeling, 1988, Paris. 
Nouri, H., Fakher, A. and Jones, C. (2006). Development of Horizontal Slice Method 
for seismic stability analysis of reinforced slopes and walls. Geotextiles and 
Geomembranes, 24 (3), 175–187. 
Nunez, M. a., Briançon, L. and Dias, D. (2013). Analyses of a pile-supported 
embankment over soft clay: Full-scale experiment, analytical and numerical 
approaches. Engineering Geology, 153, Elsevier B.V., 53–67. 
Ovesen, N. K. (1979). The use of physical models in design: the scaling law 
relationship. In: 7th European Conference Soil Mechanics and Foundation 
Engineering, 1979, Brighton. 
Park, T. and Tan, S. (2005). Enhanced performance of reinforced soil walls by the 
inclusion of short fiber. Geotextiles and Geomembranes, 23 (4), 348–361. 
Potts, D. M., Hight, D. W. and Zdravković, L. (2002). The effect of strength 
anisotropy on the behaviour of embankments on soft ground. Géotechnique, 
52 (6), Thomas Telford, 447–457. 
Poulos, H. G., Lee, C. Y. and Small, J. C. (1989). Prediction of embankment 
performance on Malaysian marine clays. . In: International symposium on 
trial embankments on Malaysian marine clays. , 1989, Kuala lumpur: The 
Malaysian highway authority. . 
Qu, G., Hinchberger, S. D. and Lo, K. Y. (2009). Case studies of three-dimensional 
effects on the behaviour of test embankments. Canadian Geotechnical Journal, 
46 (11), 1356–1370. 
Rowe, R. K. and Li, A. L. (2002). Behaviour of reinforced embankments on soft 
rate-sensitive soils. Géotechnique, 52 (1), Thomas Telford, 29–40. 
Rowe, R. K. and Soderman, K. L. (1984). Comparison of Predicted and Observed 
Behavior of Two Test Embankments. Geotextiles and Geomembranes, 1, 143–
160. 
  
223 
Rowe, R. K. and Soderman, K. L. (1987). Stabilization of very soft soils using 
high strength geosynthetics: the role of finite element analyses. Geotextiles 
and Geomembranes, 6 (1-3), 53–80. 
Rujikiatkamjorn, C., Indraratna, B. and Bergado, D. T. (2012). 3D numerical 
modeling of hexagonal wire mesh reinforced embankment on soft bangkok 
clay. In: GeoCongress 2012 © ASCE 2012, 2012, ASCE, 2263–2272. 
Salokangas, J. P. and Vepsalainen, P. (2009). Stability modeling of old railway 
embankments on very soft ground. In: 17th International Conference on Soil 
Mechanics and Geotechnical engineering, 2009, Alexandria, 1614–1617. 
Schofield, A. N. (1980). Camberidge geotechnical centrifuge operations. 
GEOTECHNIQUE, 30, 227–268. 
Sharma, J. and Bolton, M. D. (2001). Centrifugal and numerical modelling of 
reinforced embankments on soft clay installed with wick drains. Geotextiles 
and Geomembranes, 19 (1), 23–44. 
Sharma, J. S. and Bolton, M. D. (1996). Centrifuge modelling of an embankment on 
soft clay reinforced with a geogrid. Geotextiles and Geomembranes, 14 (1), 
1–17. 
Shukla, S. K. and Yin, J.-H. (2006). Fundamentals of Geosynthetic Engineering. 
Taylor & Francis. 
Skinner, G. D. and Kerry Rowe, R. (2005). Design and behaviour of a geosynthetic 
reinforced retaining wall and bridge abutment on a yielding foundation . 
Geotextiles and Geomembranes, 23 (3), 234–260. 
Smith, I. M. and Su, N. (1997). Three-dimensional FE analysis of a nailed soil wall 
curved in plan. International Journal for Numerical and Analytical Methods 
in Geomechanics, 21 (9), John Wiley & Sons, Ltd, 583–597. 
De Souza, E. (2002). A centrifuge for solving mining problems. In: Physical 
modeling in geotechnics: ICPMG’02, 2002, Newfoundland: AA Balkema 
Publishers, Lisse. 
Springman, S., Laue, J., Boyle, R., White, J. and Zweidler, A. (2001). The ETH 
Zurich Geotechnical Drum Centrifuge. International Journal of Physical 
Modelling in Geotechnics, 1 (1), Thomas Telford, 59–70.  
  
224 
Taechakumthorn, C. and Rowe, R. K. (2012a). Performance of a reinforced 
embankment on a sensitive Champlain clay deposit. Canadian Geotechnical 
Journal, 49 (8), NRC Research Press, 917–927. 
Taechakumthorn, C. and Rowe, R. K. (2012b). Performance of Reinforced 
Embankments on Rate-Sensitive Soils under Working Conditions Considering 
Effect of Reinforcement Viscosity. International Journal of Geomechanics, 12 
(4), American Society of Civil Engineers, 381–390. 
Tanchaisawat, T., Bergado, D. and Voottipruex, P. (2008). Numerical simulation and 
sensitivity analyses of full-scale test embankment with reinforced lightweight 
geomaterials on soft Bangkok clay. Geotextiles and Geomembranes, 26 (6), 
498–511. 
Tandel, Y. K., Solanki, C. H. and Desai, A. K. (2013). 3D FE Analysis of an 
Embankment Construction on GRSC and Proposal of a Design Method. 
ISRN Civil Engineering, Hindawi, 1–11. 
Tavassoli, M. and Bakeer, R. M. (1994). Finite element study of geotextile reinforced 
embankments. In: 13th ICSMFE, 1994, New Delhi, 1385–1388. 
Tavenas, F. A., Chapeau, C., Rochelle, P. La and Roy, M. (1974). Immediate 
Settlements of Three Test Embankments on Champlain Clay. Canadian 
Geotechnical Journal, 11 (1), NRC Research Press Ottawa, Canada, 109–141. 
Taylor, R. N. (1995). Geotechnical Centrifuge Technology. New York, USA: Taylor 
& Francis. 
Varadarajan, A. (1999). Finite element analysis of reinforced embankment 
foundation. International Journal for Numerical and Analytical Methods in 
Geomechanics, 114 (February 1998), 103–114. 
Varuso, R., Grieshaber, J. and Nataraj, M. (2005). Geosynthetic reinforced levee test 
section on soft normally consolidated clays. Geotextiles and Geomembranes, 
23 (4), 362–383. 
Viswanadham, B. and Mahajan, R. (2004). Modeling of Geotextile  Reinforced 
Highway slopes in a Geotechnical Centrifuge. In: Geotechnical Engineering 
for Transportation Projects, Geo-Trans 2004, (126), 2004. 
Won, M.-S. and Kim, Y.-S. (2007). Internal deformation behavior of geosynthetic-
reinforced soil walls. Geotextiles and Geomembranes, 25 (1), 10–22. 
Wood, D. M. (2003). Geotechnical Modelling. CRC Press. 
  
225 
Yang, K. H., Zomberg, G. J., Liu, C. N. and Lin, H. D. (2012). Stress distribution 
and development within Geosynthetic-reinforced soil slopes. Geosynthetics 
International, 39 (19), 62–78. 
Yildiz, A., Karstunen, M. and Krenn, H. (2009). Effect of anisotropy and 
destructuration on behavior of Haarajoki test embankment. International 
Journal of Geomechanics, 9 (August), American Society of Civil Engineers, 
153–168. 
Yu, Y., Zhang, B. and Zhang, J.-M. (2005). Action mechanism of geotextile-
reinforced cushion under breakwater on soft ground. Ocean Engineering, 32 
(14-15), 1679–1708. 
Zhang, Y., Chen, G., Zheng, L., Li, Y. and Zhuang, X. (2013). Effects of geometries 
on three-dimensional slope stability. Canadian Geotechnical Journal, 50 (3), 
NRC Research Press, 233–249. 
Zhang, Z., Han, J. and Ye, G. (2014). Numerical investigation on factors for deep-
seated slope stability of stone column-supported embankments over soft clay. 
Engineering Geology, 168, Elsevier B.V., 104–113. 
Zorngerg, J. G., Mitchell, J. K. and Sitar, N. (1997). Testing of Reinforced Slopes in 
a Geotechnical Centrifuge. Geotechnical Testing Journal.  
 
